Objective: To compare and evaluate longitudinally the dental arch relationships from 4.5 to 13.5 years of age with the Bauru-BCLP Yardstick in a large sample of patients with bilateral cleft lip and palate (BCLP).
few longitudinal studies on BCLP in general and on dental arch dimensions and relationships in particular have been published. Table 1 gives an overview of longitudinal studies on dental arch relationships and dental arch dimensions in operated BCLP. It shows that most studies have a rather small sample size. The largest longitudinal study on dentoalveolar dimensions in BCLP reported in the literature has been performed by Harding and Mazaheri (1972) . Their sample consisted of 80 patients, but their follow-up time was only 3 years. In the other longitudinal studies reported in the literature, the sample size of patients with BCLP ranges from 7 (Owman-Moll et al., 1998) to 47 patients (Millard et al., 1999) . Comprehensive longitudinal studies that follow patients with BCLP from infancy to adulthood are rare (Melissaratou and Friede, 2002) . Some longitudinal studies follow the occlusal relationships of patients from infancy to the primary dentition (Handelman and Pruzansky, 1968; Harding and Mazaheri, 1972; Wada et al., 1984; Honda et al., 1995; Heidbuchel et al., 1998) ; whereas, others follow them from infancy (Hotz et al., 1987; Melissaratou and Friede, 2002; Perlyn et al., 2002) or from primary dentition (Friede and Pruzansky, 1972; Athanasiou et al., 1987; Heidbuchel and Kuijpers-Jagtman, 1997) to mixed or permanent dentition. Brägger et al. (1991) followed their patients longitudinally in the permanent dentition only.
Besides measurements of dental arch dimensions and classification of occlusal relationships, several methods for rating dental arch relationships have been described. One such method for patients with UCLP is the Great Ormond Street London and Oslo (GOSLON) yardstick (Mars et al., 1987) . It has been used in many studies for assessing treatment outcome in children with UCLP attending different centers (Mars et al., 1992; Nollet et al., 2005) . For BCLP, such a yardstick has been developed only recently, named the Bauru-BCLP yardstick (Ozawa et al., 2005; Semb et al., 2008) , and data from intercenter comparative studies are not available yet. The aim of this study was to compare and evaluate longitudinally dental arch relationships from 4.5 to 13.5 years of age with the Bauru-BCLP yardstick in a large sample of patients with BCLP attending three centers with different treatment protocols.
SUBJECTS AND METHODS

Subjects
Three cleft centers participated in this study: Gothenburg (Sweden), Nijmegen (The Netherlands), and Oslo (Norway). The treatment protocols of the three centers are given in Table 2 . Dental casts of 204 consecutively treated patients with complete BCLP were evaluated. The inclusion criteria were as follows: complete BCLP with a diagnosis confirmed by the preoperative written records, neonatal pictures of the face, and/or casts taken preoperatively (patients with Simonart's band(s) were included only if no hard-tissue union was present; the side of the Simonart's band was indicated); Caucasian ethnic background; no associated congenital malformations, syndromes, or mental retardation; treatment from birth onward in the same center; and born before 1996, so that that subjects would be at least 11 years of age at the time of the study.
The dental casts were divided into three age groups according to dental developmental stages (primary, mixed, and early permanent dentition). The age groups were as follows: the 6-year group (range, 4.5 to 7.49 years), the 9-year group (range, 7.5 to 10.49), and the 12-year group (range, 10.5 to 13.5 years). Table 3 shows the number of available dental casts, the mean age, and the distribution of patients according to center and age period. Data were also available regarding gender and date of birth.
Methods
In this retrospective study, the principles of the Declaration of Helsinki with regard to research in human subjects were followed. All models were cast in white plaster and identified only by random identification numbers attached to the base. Dental arch relationships were categorized according to the Bauru-BCLP yardstick. The Bauru-BCLP Yardstick is a GOSLON-type yardstick that assesses the dental arch relationship in terms of anteroposterior, transverse, and vertical discrepancies in persons with BCLP (Mars et al., 1992; Ozawa et al., 2005; Semb et al., 2008) . The assessment involves allocating the casts to one of five categories defined by written guidelines and by exemplar reference casts of the different categories. The yardstick has 6-, 9-, and 12-year versions with appropriate examples for each stage. The scores 1 (excellent results) and 2 (good results) represent the most favorable dental arch relationships. Patients in this category would be treated by orthodontic treatment alone. Patients scoring 3 usually have an edge-toedge apical base relationship and require more complex orthodontic treatment to correct the malocclusion. Score 4 (poor results) is given to patients who require complex orthodontic treatment, probably in combination with orthognathic surgery. A very poor dental arch relationship is scored as 5, which represents the patients who require orthognathic surgery. Figure 1 shows an exemplar case for each category of the yardstick. In the Bauru-BCLP yardstick for the 12-year group, scores 1 and 2 are combined, as the occlusal status of some patients may have been improved by permanent dentition orthodontic treatment, while other patients still awaited this.
The total number of dental casts rated was 585 (Table 3 ). The dental casts were scored independently by eight orthodontists, divided into two groups of four observers (groups A and B). The observers were blinded for center and treatment protocol. All observers were calibrated before the scoring sessions took place. Each group of observers scored half of the material (293 sets of dental casts). The scores of the four observers were averaged, and a mean score was used throughout the analysis. In total, 52 models were scored by both teams, to allow determination of the intergroup agreement (Table 4) .
Statistical Analysis
In the Bauru-BCLP yardstick, grades 1 and 2 are combined for the 12-year group for the reasons given above. For the statistical analysis, this was also done for the 6-and 9-year age groups to make the scores comparable with the 12-year age group.
To assess the agreement between group A and group B, a paired t test was done on both mean scores. The duplicate measurement error was calculated as the standard deviation of the mean difference divided by ffiffiffi p 2. The intergroup reliability was calculated as the Spearman correlation coefficient.
For each age group, three pairs of centers can be compared. This comparison is done using the Mann-Whitney U test.
To analyze the increments of the Bauru-BCLP Yardstick for each interval (from 6 to 9 years, 6 to 12 years, and 9 to 12 years), two types of regression models were made. For all nominal variables in a regression model, reference categories have to be chosen. Here, the largest center (C) was chosen. With regard to gender, also the bigger group (boys) was chosen as the reference category.
First, a logistic regression model was built with the dichotomous variable ''score did increase'' as the dependent variable. Independent variables were the score at the beginning of the interval, the center at which the patient was treated, and the patient's gender. Year of birth was used to analyze a secular trend, that is, whether the chance of having or not having the minimal score of ''2'' depends on year of birth. To allow adjustment for deviation from the ages at which the model was made from the intended age (i.e., 6, 9, and 12 years), the age at which the models were made at the start and at the end of the interval was included as covariates in the regression model. Second, linear regression was applied to analyze the size of the increment in the score. Since the distribution of the scores was skewed, the ln-transformed scores were used as dependent variables. The same independent variables, except year of birth, were used as in the logistic models.
RESULTS
Measurement Error
The intergroup reliability between the two groups of observers was high, with correlation coefficients of .93 for the 6-year group, .89 for the 9-year group, and .96 for the 12-year group (Table 4) . The mean differences between the scores of group A and B ranged from .05 to .15 point. Group B had a tendency to score higher, indicating less favorable results in the 12-year-old group than in group A (p 5 .006), but the difference was small (.15 point). Table 3 shows the means and standard deviations of the Bauru-BCLP scores per center and for each age group. The mean score for the 6-year group was significantly lower (more favorable) in center B than in center A (p 5 .027). Among the two older age groups, there were no significant differences in the mean scores between the three centers. Table 5 displays the results from the logistic regression analysis for the yardstick score. For all three intervals, none of the independent variables reached statistical significance at the .05 level. Therefore, it can be concluded that none of the variables (score at baseline, center, and gender) have a statistically significant influence on the chance of an increase in the Bauru-BCLP scores.
Treatment Outcome
The results of the linear regression are found in Table 6 . For all three intervals, a higher score at the start of the interval leads to a smaller increase of the score during the interval. The effect is an approximately 10% smaller increase if the score at the beginning of the interval is enlarged by 1; p values for these effects are .002 or smaller. In addition, children treated in center B have a statistically larger increase in the yardstick score for the intervals 6 to 12 years and 9 to 12 years, with the differences with the reference category (center C) being 10.4% (p 5 .041) and 12.9% (p 5 .009), respectively.
The year of birth has no effect on the Bauru-BCLP scores, since the linear regression shows p values for this effect of .232, .437, and .114 for the age groups 6, 9, and 12 years, respectively.
DISCUSSION
In this longitudinal study, the development of dental arch relationships in BCLP was evaluated in three different centers. As can be seen from Table 1 , the present study has the largest sample size (n 5 204) reported in the literature and mainly covers the age range from 6 to 12 years (age range, 4.5 to 13.5 years). Few studies cover the same age period longitudinally (Table 1) , and comparisons are difficult as a newly developed yardstick for assessment of dental arch relationships for patients with BCLP has been used in the present study. The interobserver reliability was high and the duplicate measurement error small (Table 4) , and they were comparable with the reliability of the GOSLON yardstick (Hathorn et al., 1996; Morris et al., 2000; Chan et al., 2003; Choudhary et al., 2003) .
The dental arch relationship is an important indicator of adequate facial growth and quality of the final treatment outcome. All centers showed comparable results regardless of the different treatment protocols that were followed. In this sample, the average treatment outcome for dental arch relationships between 6 and 12 years appears to be rather good, with only slightly increasing scores when the patients grew older. A longer term study of this sample will give us a more complete assessment of the treatment outcome of these patients.
Linear regression analysis showed that a higher score at the start of an interval leads to a smaller increase of the score during the interval (i.e., dental arch relationships deteriorated less in patients with a poor initial relationship). Linear regression also showed that patients in center B had a 12.9% larger increase in the score between 9 and 12 years of age than the reference center C, representing larger deterioration of the dental arch relationships as measured by the Bauru-BCLP yardstick. This change probably reflects the change in the apical base relationship brought about by the osteotomy of the premaxilla as performed in all but two patients in center B together with bone grafting of the alveolar clefts between 9 and 12 years of age. The aim of this operation is to bring the skeletal base of the premaxilla in a better sagittal position. In an earlier cephalometric study, in which seven patients of the present study were also included, it was shown that the SNA angle was reduced 2.02u (SD, 4.22) by this operation (Heidbuchel et al., 1993) . In a subsequent study, the same subgroup of patients was followed longitudinally from 6 to 20 years of age for their final facial growth (Heidbuchel et al., 1994) . It was shown that at the age of 20 years, the earlier osteotomy of the premaxilla was not detrimental to later facial growth. Therefore, the final outcome in the present sample remains to be investigated when growth has ceased.
Two centers (A and B) in this study employed a treatment protocol including infant orthopedics and delaying hard palate closure until the age of 9 years because of growth considerations. Although it might be possible that infant orthopedics had a short-term beneficial effect, inclusion of this therapy in the treatment protocol appears not to have achieved a long-term benefit as far as dental arch relationship is concerned. This is in keeping with the 4-and 6-year results of a randomized trial of infant orthopedics in patients with UCLP (Bongaarts et al., 2004 (Bongaarts et al., , 2006 . The delayed hard palate closure in centers A and B did not appear to be beneficial for dental arch relationships in the long run in comparison with center C. As late hard palate closure may have a negative effect on speech (Cosman and Falk, 1980; Jackson et al., 1983; Bardach et al., 1984) , earlier closure of the hard palate should be considered. However, speech was not evaluated in the present study as speech data collection was not standardized between the participating centers. Center A has since the early 1990s gradually reduced the age of hard palate closure. Unfortunately, there are no data available from randomized clinical trials to determine the optimal timing for hard palate closure. In this study, only one aspect of the total treatment outcome of these patients has been evaluated. Equally important aspects to be addressed are speech, nasolabial appearance, and cost-effectiveness and burden of care of these patients. All but speech will be reported in subsequent reports.
CONCLUSIONS
Despite the use of different protocols, dental arch relationships for patients in the three centers were similar. Delaying hard palate closure and employing infant orthopedics did not appear advantageous in the long run, at least for the outcome studied in this investigation. Premaxillary osteotomy appeared to be associated with less favorable development of dental arch relationship between 9 and 12 years.
